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-

{ The Structure: of Human Memor& .

The overall purpose of this article is to provide an

L

analysis of the styucture ?ﬁ human memory. We will focus

<

b SIS . ° .
primarily on the proces§ of recall of information from long=-term

memory, ' |
- In the first section of the paper we examine a hypotheticalw
‘ . ) : N
episode in the life of an undergraduate. The episode is intended
{ .

. to provide a.clear example 3ﬁ personal memory, a type of memory
. o

rarely studied in eiﬁéqimental ps&chology. It also shows pr one

episode can éive rise to three different forms of memory:
7w . ' .
‘personal memory, semantic memory, and rote linguistic skill,

In the second §ection we develop a "botany"-6£ iqporéant
naturally occurring forms of memory. -We make an explicit
methodological commitment to use the phenomenal rgpoits of

subjeets as one-major class of evidance in our analysis. Our

]

description reveals six important types'df memory: personal
. memory, semant{c'memory, generic perceptual memory, motor skill,.

cognitive skill, and’ rote linguistic skill. We contrast this

0

description with the traditional distinction between episodic and

-
[

semantic memory, We conclude that the term episodic memory, as

& -~

‘it is cucrently used, includes two very different forms of p

" memory--personal memory and skill.

°

In the third seccion we provide a more analytic approach to

the structure of human memory. We decomposg'the important

>

4l

-
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/,naturally occurring types of memory and attempt to construct a
table of ‘the logically poesible types of human memory. This

analysis organizes human ‘memory in terms of the types of inputs

"and types of acquieitiom conditions, an& proposes an account of
the possible forms of memoryvrepresentation in terms of the

" intersections of these two factors. A syetemat-c attempt is made
}

to examiae both imaginal and nonimeginal forms of representation

/
. for each form' of memnory. The analysis captures a wide variety of

types of memory and the forms of representation postulated to

underlie each type. f L ¢ _ o

*In ghe final section we relate the initial botany of memory
to our more analytic claesification scheme., We discuyss the

mental procggbes involved in transferring information from
’ \

nprocedurgl-memory:to semantic memory. .We point out the
» . .

complexity that can arise from cur assumptions about multiple

 forms of representations and finally we discuss the problem of

the veridicality of mental ‘images.
AN EXAMPLE 49» . . _ \
The analysis of memory outlined in this articie is quite
different from most current approaches in psychology, and so to

“diSplay some of the difterences, we will work through a concrete

example illustrating three of the basic forms of memory that will

occur in our treatment.

. %\ / .

<
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. . Jhe Episode .

Conqider'ﬁhe following evehta' A Utiversity of Illinois
undergraduate-codeé in the side door-of the Psychology Building.
He takes the elevator tb the fourth floor:‘:He pulls a slip of
P -paper out of his pocket, checks the room number, and ﬁalks_dowh
the corridor to ;he.experimental room. He hesitates a minute, ©
knocks on the door, and goes inside. ‘He sees the experimenter
standing behind a table that contains a memory drum. He sits

down and is given 20 trials of practice on a long pdifed-  | ' "

associate list. 63@ of the items on the list is the pair DAX-

FRIGID. ‘After the experiment is over, he gets,up,‘gives a sigh ' n %

. : . \ [ 0
of relief, and leaves the experimental room.

o

Three Types 2£'Memg;y

> ) Y . *
. This episode can be used to illustrate how the same event
4 '
can lead to the development of three forms of memory: personal

ﬁ;mory, semantic memory, and rote linguistic skill. - S
Personal Memory ‘ .
’ If,.the next day, we were to ask thig underg;ﬁduate. “Do you . ’
remember the psychology e§per1ment you were in yestérday?“ he *
might say.something like: ‘"Sure, 1 remember coming in. the side
\ door on Sixth Street. -1 t:m:ned to the right and took the a " )
eiegvator up. It was qi’firét experimenﬁ. I couldnft remember .

the room number so I. had to check my experiment notice. I

remenmber feeling nervous as I stood there in front ‘of-the door.

I remember opening the door and seeing the experimenter standing

\

» S '. | i~
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s,

behind the table. I remember being eurprised that. the ; -

experimenter was a woman. She had a white 1aboratory coat on,.-

€

etc."” If we asked the undergraduate, "Was anything going through

¢

your nind while you were telling us about the experiment?" he

would grobably say something like: “Yes, as I yas recalling. the’

information 1 could see in my mind's eye much of what I told you.

I could see the door on Sixth Street. I could see the expression

on the experimenter's face when I opened the door."” It ie'thie i

type of memory that will be called pereonal memorg‘in this paper.

Semantic Memory . | ’

J . ' :
" verbal 1earning experiment. Now that we are talking about'it, I

\7 ™ L]

-

If some months latér, we were to ask this undergraduate.

)

“"Do you remember what psychology experiments you were in last
semester?" he.might say;, "Sure, there was ‘a verbal learning
experiment, a perception experiment, and two, social psychology
experiments.” -If we asked him, ;Wee anything going through your

mind when you told me you were in the verbal learning

experiment?” he would probably say something like: "No, I just

A

- know that there were four experiments and one of them was a .

®
< ]

l

can see the experimenter in her white coat standing behind the -

table, but nothing like that was happening wheh i answered your,
1 N . *

question.” His initial recall is an exapple of the type of

memory- that we will.call semantic memory, C .

\

D
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o
Rote Linguistic Skill T "

we_can_;llustrate‘ghe third féri bf me’prx ﬁy asking our
undergrgduate'to-perféfg Eye ﬁollowiqé task: "I ;ﬁ_going to éiﬁe
you a series of nonsense syllables from that experiment you vera
in séveral days ago, %pd when I give:you-a nonsense syllable 1

want you to tell me the word that was paired with it."” We then

- give the undergraduate a series of items from the experimental

list including the item DAX. When presented with the ﬁodégnse
syilable DAX,'bur undergraduaté:sa}s "FQIGID." If wp'gsk him,
“Wa; anything going throug? your mind when'you gave the response
'FRIGID'?" he might say homgthing likes “No,.i‘had been over

that blasted list so mahy times that I was able to say it-as soon

as you showed me the stimulus.” This type of memory is rote

]

linguistic skill.

Strategy of the Paper

.
2 ]

" The purpose of the description of the visit to the

psychology lab has been to provide a &etai;ed example of some of
' ¢

the types_ of. memory that will be discussed later in the paper.

1

Howevér, it also illustrates two general strategies adopted

throuéhouc this chapter. We are looking for naturally occurring

‘categories of memory phenomena, and we take the phenomenal

reports of subjects as one imﬁortant class of data to be used in .

»

the study of human memory.

L2
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Data from Phenomenal Reports

In the laat decade there has been a 'growing acceptance of

\4

the position that reports of phenomenal experience can be used 'in -

scientific psychology (Ericsson & Simon, 1980; Hilgard, 1980;

Natsoulas, 1970, 1974; Radford, 1974). The general line of

argument is thpt phenomenal reports are as acceptable as any
other type of data. As long as the data from éhenomgnal'reports
enters into lawful relations with other data, and as long as
theoretical constructs derived from phéﬂomenal experiénbe~
interact in a meaningful fashion with other theoresical -
constructs, thegé is no reason to exclude éhem from sciéntifib‘
psychology. We agree with these arguments derived éiom.
philosophy of scieace aq@ from methodological consideratioﬁs, but
we wish to push)the issu€ one step farther. We take’the position
that a complete scientific psychology must be able to account for
the data from phenomenal experience and that an information-
processing account of the mind that excluded the data from

i
phenogggal experience would be an incomplete science '(see Block,

. 1980;" Sboemaker, 1980, for a similar line of argument in

philosophy).

It also seems to us that there has been some divergence t

3

between the acceptance of pheng?enal reports in theory and the
actual use of them in practice. Even though cognitive psychiology

: h
is considered to be a mentalistic psyehology, the focus on

N 4 .
unconscious mentai processes within the information-processing

[
'

4
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tradition has led to remarkably little serious use of data from

P

phenomenal experience (see Dulany, 1968, for an early
ey,

]
experienbe is very pervasive. Our analysis in this article of,

counterexemple). This avoidance of data from phenomenal

some recene experiments by the sepior author relies on

unsystematic phenomenal reports made by the subjects after the
\

formal experi;nent wag over. Clearly, in the course- of gat:hering

the data in those experiments Fhe phenomenal report data were not
» ' .

considered to have the same scientific status as the data.on the
. . L] . .. '
number of correct responses in recall. ' .

Ay

Recehtly we have initiated a series of experiments

-~

explicitly designed to gather phenbmenal reports during a variety’

4

of recall tasks (Brewer & Pani 1982 1983b). The baﬁic

methodology is to ask subjects a memory questioii (e.g., "What is

the opposite of false?" or "Which is farther south, the tip of
. . . P R

" . * ' ,
Texas or the tip of glorida?") ‘and then request ‘descriptions of

their mental exberience_dpring recall,
¢ i : . t

A BOTANY OF MEMORY

. : Purpose . oo

'In this section of the article we take an explicitly

&

morphologicel approach to human meémory. We want to find the

N i

com;on forms of human memory and provide cepeful descriptions of
¥ ) Nt < *
them, much as a biologist might describeethe_obvious species

ocpnrring'on a newly discovered island.:. In this section we will

10 '
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- .not discuss how the types of memory, might have developed or what L )~ T
\ . _ o L _
. mechanisms. might underlie thedr operation. “.' f : \
e " This approach is,rarely taken by experimental psychologists

and so to help inform our observstiona wa have explored a number

¢

of, literatures outside of current coggitive psychology. The
-

particular description of memory that we outline below has been

D

most strongly influenced by: (a) oyr own introspections; (b) the

. ' work of philosophers on memory (e.g., Bergsong 1911; Furlong, .
a ", | 1951; von Leyden, 1961 Locke, 1971, Malcolm. 1963; and Ruqsell Y+
1921), (c) the early research of introspective psychology (e.g., v

b

33

’Crosland, "1921; xuhlnian’“ﬁ, 1907, 1907, 1909; Titchener, 19‘10); and

. . : f. \ ¢ . - ‘o
(d) current cognitive psycaology.(Neisser,_l?lg; Norman, 1976;

and Tulving, 1972). o A ; R ' PN : ¢ :
4‘- . Y . . , L)
, We, consider our proposed classification to be tentative. '
? ¢ .
Oné reason for this is that'we do not have systematically

an
. 0

obtained phenomenal reports concerning @emory;°and therefore we

’ have had to rely on our own and others' unsystematic _ 5
R .. . |
X observations., S

Slx Tyges of Memorx ‘ﬂ

We will now turn to the botany of memory and describe six

-

types of.humanememory. Table lrgives examples of questions
T 7 .

N

intended to elicit these six types of memory. . : -
P Insert Table™! about here. v \Eﬁﬂ
i
s b L3
M 3
e ! .
~N - Q
¢ -l.l .
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Personal Memory

e A personal memory is a recollection of a particular episode

from an individual's past. Personal Remory seems‘alweys to be
\ experieneed in'terms of some type of meetal imagery=~= .
predominantly visuali\siece vision is the dominant sense (e.g.,
"I ceuld sec the expression on lhe experimenter's face," in the
above example). Personal memory includes some eonimaginel

information also (im the above example- “It was my first

psychology experiment’), The memory is experienced as the

representation of a particular time and location. Indeed, it ]
often seems to be a kind of "reliving." In the case of time,

this does not%gean tﬁatﬁthewininidual can assign an actual datce

to the memory, jest\gpat it is experienced as'having been a

N

unique time. For location, the ability to actually recall a .
particular place seems much stronger, but data are needed here: .
The personal memory episode is accompanied by a propositional
attitude (cf., Fodor, 1978) that "this episode occurred in the
past.” A personal memory is accompanied by a belief that the
remembered episode was personally experienced by'the individual
. (thus the term "personal memory"). A personal memory ié‘aleo'
R ". frequently accompanied by a belief that it is a veridical record
- of the oriéinal episode. This is not to say-tﬂat persoﬁal

memories are veridical, just that they'?re frequently believed to ,

be. We will discuss the veridicality issue later in the article.

. Generic Memory
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A generic memory is the recall of some item of the °
. : ,

individual's:general knowledge. Generic memory it not

experienced as having occurred at é‘partidular time and location.

i 1

Two important forme of gemeric memory are semantic memory and

perceptual memory., ' ;
A

Semantic memory. Semantic memory is the subclass of generic .;?Q”

‘ memory that involves memory of abstract kpowledge. Examples are ';\;3
"the knowledge underlying the statement, “the speed 6f light is a

constant,"” and "I have always avoided abstractions." . B

Philosophers, logicians, and psychologists have frequently
h\fepresented this type of abstract knowledge with some form of
propgsitional notation. Recalling information from gemantic
menmory is not typically accompénied by an experience of mental_
imagery. However, if the knowledge required is strongly
associated with highly imageable information one may experience
imagery during recall (i.e., in answering the question "What is
the capital of France?" one might have an image of the Eiffel

Tower).

Perceptual memory. Perceptual memory is the subclass of

generic memory that involves the memory of generic perceptual

information. Examples are the information contained in a generic
perceptual memory of a map_qf the United States or of the capital
letter "E." Recalling information from gemeric perceptual meinory

is typically experienced in terms of mental imagery. For

example, if asked "What state is directly to the south of

13
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Ll

Oklahom&?" or “How many corners in a capital letter 'E'?" most’.

Y

people report experiencing a "generic visual imege. The generie

‘1mages are not typically experienceé as 1nvolving a particular

time and locatioi. Both personal memorx!and generic perceptual
memory have consistent.tehtal’image prepe:ties but they involve
somewhat different phenomenal experienees. For example, a
generic image will tend to be’ a figure without an imaginal

ground, irrelevant attributes m%y not be present and‘'it more

" often occurs in a single modality, | ) \

’ . 1 ]
1 3
L}

A skill is the ability to carry out a practiced motor

performance or cognitive operation. When skilled actions are '

¢! ’ 3
-carried out there<&3'typically no experience of mental imagery.

Y

Three important types of skills ate'motog skills, c8gnitive

skills, and rote linguistic skills.

~

wﬂg&gg}ggill. Motor skills can involve the execution of a
single motor action or a complex seqeence of motor actions; \Anf
example of a simﬁle motor skill woule be pressing the "Kf key on
a computer to make the Pac Man rfigure go xight, or pushing the
gear shift lever to put a car in reverse. An example of a more
complex motor skill would be the skill involved in swimming or

. A N
playing tennis. Note that the complex motor skills are

generative, in the sense that if a tennis ball arrives in some

unique positien a skilled tennis player can hit it with a>motor

action never previously produced.

Al
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Cognitive Ehiél: Cognleve skills involve the execution of K ,
Ipracticed cognltive operations. These skills are generative in
the sense that the cognitive operations can be applied to a class
of new inst#nceg, and ﬁhat class may be indefinitely large.
Examples of gognitive skills are‘taking the square root of a . K
number, and making the subject and verb of English senten;es_

agree in number.

Rote linguistic skill. Rote linguistic skill involves the

L) L

ability to produce surface structure linguistic objects. This

skill differs from motor skills and cognitive skillp it several ‘
important respects. The sfill deals with the meaningless surface )

structure aspects of particular linguistic objects and it is not

generativa., Having 1earniﬁg a rote skill is simply to have
’ L]

L

mastered a given set of surface linguistic objects, and it does

not allow generative transfer to a new set of surface linguistic

t

objects. Examples of rote skills are the ability to say the
A

P
alphabet and to give one's social security number.

Reflections of the Classification in Ordinary Language

A number of philosoﬁhers (Locke, 1971; Malcolm, 1963) have \
suggested that there are linguistic "tests” for the three
fundamental categories of memory ouéli d above (i.e., persongl ~
‘memory, generic memory, and skill). Apparently these memory\ﬂ

categories are fundamental enough so that the ordinary language

reflécts the differences among them. The three linguistic frames .

are: "I remember X"; "I remember that X"; and "I remember how to



v -"4

X | . ' : ,o. 1
Rl . - f N | ’
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o * ] ¢ . *
X."* Persvnal memory statements tend to be acceptable in the
_'_—a' .
’ Id
first frame, but ﬁot the second. two. Thus, "I rvemember the
o '
expression on the experimenter's face" and *"I1 remember that the
expression on the experimenter's face” and *"I remember how to
the expressionon the experimenter's face." Generic memory
" statements tend to be acceptable in the first and second frames,

: A -~
©  but not in the third. Thus, for gemantic memory "I remember the

speed of light is a coﬂs;ant" and "I tememberlthat the sp;;d of
2 light ig a constaq;," but *"I reﬁember how-to the speed of light -
+ 1s a constant.“ Similarly for generic perceptual mgmofy: "I |
reﬁembe: Texas is directly Fé the\suuth’ Oklahoma" and "I
remember that Texas 1s€direct1y.to the south'of Oklahoma," but

*"I remember how to Texas is direct.y to the south of Oklahoma."

Motor and cognitive skill statements tend to be acceptablE in the .

third ﬁrame, but not the first two. Thus, for motor skills, "I
'remember how to swim,é but *"I remember swim" and *"I remember

' .
that swim." For cognitive skills, "I remember how to take the
square root of a number" but *"I remember take the square root of
a number" and *"I remember that take the square root of a |
number.” Rote linguistic statements tend to be aéceptable in the
first and third frames. Thus "I remember the alphabet“'énd "I

remember how to say the alphabet,” but *"I remember that the

alphabet.” While these tests do not work all the time, the fact

\
that they work as well as they do is impressive. The fact that
the ordinary language reflects the memory distinctions provides
) Y] r
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.

independent evidence that these are important categuries of our
¢ r "t

\ mental life. - ‘ )

“ Memory 01dhsifications'Qz.Psichologist P -

In this section We want to examine two majo:.} ndmarks in . - :
the analysis of membty phenogena: tﬂe position of :;gahghaus ' o ’
- (1885/1964) in tﬁe first exper%mental 1nvestigation of memory,
and Tulving's (1972) more recent distinction ﬁetqeen episodic and .
‘ gemantic meﬁory. P . : ¥ K L
‘ Ebbinghaus
" In the’fi;s: chapter of the Ebbinghaus monograph on human M
memory he discus;es three forms’of memory. He identifies one
form fhat seems closest to personal memory as outlined above. He ' :; p
says, | o .
Mental states 9f every kind--sensations, feelings, 1déas-- _
vﬁi_ch were atvone tit;lé present in consciousness and then T
have disappeared from it,'have‘not with their disappearance |
. absolutely ceased to exist . . . [we] can call back into
consclousness bj,an exertion of the ﬁilI directed to this
purpose the seemingly lost states (or, indeed,‘in case these
consis:%g ip,immediate sense-ferceptions, we can recall
'th;i ézlue memory images). (1885/1964, p. 1)
Ebbinghaus' second foim of memory was an iuvoluntary type of personal \

memory which is not relevant to this discussion. The final form of mewmory

outlined by‘Ebbinghaus was similar to skill, as it was ¢discussed above. He

-

states,
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<

. "" h . .

* there is.? third and ;arge group-t@ be reckoned with here.
The vanished mental‘sggtes give indubitable proof of their
continuing existence é&en if they tfiemselves do not return - |
to consciousness at all . - . The bogndless domain of \\e
effect of accumulated experiences :belongs here." *. ! : -

o ' (1885/1964, p. 2) N .

. In the gsection of the monograph relatéd to the megﬁods of

the natural sciences .Ebbinghaus argues that psychologists should

stutdy skills becagseethe study of this type of memory requires

o ! . . .
"less. derendence upon 1ntt03pgctiog¥}(p. 8). In fact, Ebbinghaus

went on to_fugggs; that in studying skill thg metliod of recall
r ‘was too iikely to be 1nf1uenéeq by co%scicus mental p;océsses,
and so hé chose to use tﬂ; methéd of savings (i.e., the
s improvement in the speed of learning of a task.due to previous
trials with the task). Whilg later researchers decided that e
Ebbinghgus had been a little too limitgé in not allowing recall
» - techniques, ;hey essentially accepted the methodologically
motivatéd focus on skill, For 80 years the e§perimental study of
wmemory was the study of rote linguistic skill, with' an occasional
o stuéy of motor skills (;.g., McGeocﬁ & Iriom, 1952; MeltOn,'
1964). S
~ Tulving | N
' In the late 1960's a few psychologists (e.g., Collins &

Quillian, 1969) were able to break out of the Ebbinghaus emphasis

on skill and began to carry out experiments fhat tested semantic

b3
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memory. The relationship of, these studies to the traditional,

verbal learning experimenta remained a puzzle for a few years

until Tulving's insightful papet in 1972, Tulving pointed out -

'the differences'between the tradifional verbal leerning

experiments and the new semantic memory exp%fiments, and proposed ) .
} At o
that tPe differences be formulated in tefms of a distinction ”ﬂk; !

between semantic memory and episaodic memory.

<

Semantic memory. Tulving states, that semantic nemory is

“he memoryﬁpeceeeary for the use of language . . . ['the]

¢ - . e 1]

A

organized knowledge a person possesses about words and‘other

verbal symboﬂé, their meaning and referents, about rélations N
- .

among them" (1972, p. 386). The definition of semantic memory
v . il
given in our botany clearly follows Tulying's usage, although we

tend to de-emphasize the focus on linguistic information and v >
instead treat semantic memory as memory of all abqtract things. R
' The other major way in which our classification differs from

Tulving’s is that we consider that an individual's overall ‘ N

general knowledge covers more than Just semantic memory. ' Thus,

in our classification we have edoptedrthe term generic memory for
the broader claeo of general knowledge (see Hintzman, 1978, and ~
Schonfield & Stones, 1979, for a similar view)'and.retained the o
tern semantic memory for the subclass of memory for ePstract

things. One important advantage for our approach is that it

¥ .
allows us to treat the important class of generic perceptual

19
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informacion and thereby to incorporate_orainary memory phenomena
such us the occurrence of "mental maps."

- While we have disagreed with some aspects of Tulving's
construct of semantic memory, one should not lose-sight of the
importance of this construct 15 the development of psychological
theories of memory. By distiuguishing semantic memory from other
types of memory Tulving recognized thet recall of general .
knowledge is one important type of memory that must be included

&

in a successful description of the forms of human memory. .

Egisodig memory. ﬁ?ile Tulving's description of semantic
memory clarified thinking\about memory for generic knowledge, his

account of episodic memor;\Vas definite problems. Tulving states

———

that episodic memory "stores inforamation abouc\temporally dated
episodes or ¢vents and temooral--epatiai relationsﬂamong';hese
even;s“ (1972, p. 385) and proposes that instances of episcdic
memory refer “to a(personal ekperience that is remembered in its
temporal-gspatial relation to other such experiences"-(p. 387).

It seems fairly clear that when Tulving gives an. abstract

definition of episodic memory he is describing personalAﬁemory Ss

N

outlined in our classification.

The problem arises when one examines the examples of

episodic memory given 'in his papef. One of four examples was the
. _ ) : .,
stateilent "Last year, while on my summer vacation, I met a

retired gea captain who knew more jokes than any other person I

have ever met” (p..386). Taken at face value this appears to be

.
l “ )
-
hd .
) -
.
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an example of generic memory as we have used the term. The e
statement seens to refer to Tulving's knowledge tliat he met a sea o A
captain during his last summer yacation. A clear'example of . . o
personal memory would_hare been a statement suce:as "I remember E

sitting on the bar stool, drinking a hot toddy, while'he toie pe 5,
the travelling sailor jeke. etc.” One of the other of the four |
examples suggests a deeper problem. This example is "I know the
word rhat.wes palred with DAX in this list was FRIGID (g; 387).

" In terms of odr'cleSEification this 1s either an examnple of .

generic memory (“I remember that DAX was .the syllable paired with - DU

e
R4

FRIGID“) or an example of a rote linguistic skill (given the item ﬁ'l

DAL the subject produces "FRIGID“). Since Tulving was using this

exemple as an instance of episodic memory, he must not have ) o ‘o A

intended the generic memory interpretation. This leaves the rote -
) i~

skill interpreratioh.. This classification of an instance of rote °

skill under the heading of episodie memory apparentiy reflects a ;o } .
general'decision on Tuléing;s part to claseify rote skill as a -
‘type of episodicememory, since Tulving explicitly states (p. 402)

that tradirionalqverbal learning experiments are to be c;nsidere;

to be experiments investigating episodic memory.

~¢

'Thus,.in terms of the memory classification we have outlined

L

Ebove, TuiQing's trearmeﬁr\Bf episodic memory is incoansistent.
Tulving's.formal definition of episodic memory seems ?ery close

to our definirion of personal memory, yet -the examples given and i
the classification of the traditional laboratory experiments as

4

4
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instances of episodic memory are b1 consistent‘with his o

. L]
$ '

definition. Nevertheless, virtually every psychology text
written aince Tulving 8 classic %\per quotes his definition of

'epieodic :emory, and then states that the memory experiments in ,

the Ebbinghaus tradition are all examples of episodic memory.
‘ Exeminatiou of our éuitiei exampie of the undergraduate jqa
é&ing'to the psveholdgy exueriméut shows the'ﬁroblems producegfﬁ
this incqneisten;y with»respect;to'pereanal memory and skill.~{55“

Our hypothetical undergraduate had 20 trials on a long paired-

o ‘ -

associate list tHat resulted in the development of the rote

¢ verbal skiil of producing the resuonsee when given the stimuli,

We atgued that the undergraduate would probably have a strong

N ,
'personal mensry. of éoming to the.buifding and starting the '

fexperiment, but it seems to us highly unlirelg that the o
undergraduate ‘could have a personal memory for a particular ot : ’ \4'
v triel, gay Tﬁial 13, inSihe series. It would appear that the e

* conditions for the development of skill are, in fact,
antithetical to the developmept of personal memory (this issue

) . e [}

. ’ f
will be discussed again later. in the article). Thus, it seems to '

us that\the treatment of episodic memory in current discussions .

-

~of ‘human memory contains a eonceptual inconsistency and that an

e

anelyéis more like the one we‘have‘proposed is needed to resolve . ¢
v % ' LIRS .
this inconsistency. _ . ay
_W?_’\ - ~
P \
» -
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Memory Classifications by Philosophers

In carrying out investigapions of memory, philosophers have

-

ténded to use a more differentiated classification scheme than /
that pf psychologigﬁs. The-firaf modern gp11630phical diacﬁssion
of the issues is that of.Henri'Bergabn (1911). Bergson .
digtinguished two, forms of menmory, “memory par excellence" apd<:: [ s
“habit ‘memory”; these correspond fairly closely to our personal
memory and skill memory. Bertrand Russell (1921)‘retained the
division of memorgsigtq_twq forms. His “true memfory"” and :habit
memory" arq_quiéé‘close to our personal memory and skill memory.
In somewhat more recent times a number of philosophers added
ﬁemory for knowledge into their classification schemes and have
adopted a-distinctioﬂ that corresponds to our personal memory,

semantic memory, and sézz;:gheorféﬁiFurlong (1951) uses the terms

retrdspective memory, nonretrospective remembering that, and

nonretrospective remembering how. Ayer (1956) uses the terms
event memory, factual memory, and habit memory; while Locke <

(1971) adopks the terms personal memory, factual memory, and
practical memory. |

For the most part these theoretical discussions of memory by
philosophers have had little impact on péychological rébearch.
However, it is interestiné’%o note that the one recent revision

of memory classification, that of Tulviné (1972%, may derive

indirectly from the philosophers.' In Tulving's paper he gives

credit to an earlier distinction between "remembrances” and
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“memoria” by Reiff andngheererﬁtl959). This distinction:
« 1 . -
corresponds roughly. to our personal vs. fionpersonal memory,

Examination of the’section ofdthe Reiff and Scheerer monograph on

*

memory distinctions shows that they based their treatment on the
early work of Bergson, thus showing a fairly direct link befween i
the episodic/semantic dietinctiog/éﬁi/;:e philosophical

Y ' g T . ’ ° h °

tradition. ' : -

. There is a striking conqraet between psychology and #

philosophy in what types of memory have been the focus of

1nterest. Most of ;he first ‘8Q years of research on memory in -
ﬁ%ycﬁelogy were directed at the problems of roee verbal skill,

(There were exceptions, such as the work on memory of the

. t
cW’t’irzburg,psychologists, of the Functionalists in the United

States, and of the Gestalt psyékelogists.) The emphasis on skill

by psychologists: was driven by wmethodological and metatheoretxcal

consi&erations,_'The study of semantic memory seems to require

)

the inttodhetion of abstract -entities, the study of pereohel'

T +
memory seems to require the introduction of mental images; and

neither_qf the;e ﬁas‘acceptable to, most memory researchers during
this pe;iod. The research of Collins and Quillian (1969) and 3 <
- Rurielhart, Lindsay, and’Normae (1972) opened up the study of 6
.eementic memory ie psychology, and'the present chapter~ergues for

-cmpirical work on personal memory.

The philosophers have taken .a Qerw‘different epproach. In

general, they have tended to find skill the least interestin%

-

3 . .
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problem of personal memory apd its degree of veridicaliry, but

e
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form of memoty., ‘Initially, with thé'qork of Bergson and Russell

the focua was on peréonal memory. Thus, for example, Russell

called personal memory "the essense of memory” (p. 167). In the

. 3
more recent work philosophers have continued to discuss the '

n

they also have iocused on rhe problems of memnry for knowledge.

q

Our conclusion from this brief historical sketch is that

~current experimental and theoretical work on memory by

4

psychologists should be more pluralistic. 1In particular, more
attention should be given to the study of personal memory.
’
A STRUCTURAL ACCOUNT QF HUMAN MEMORY

Purggse .

The éurpose of this section is to develop a more analytic

account of the structure of hnman menory.. In this section we-
attempr to work out the logical possibilities of the formg of
human memory 1nstead,o£'simply describing a number of types that

occur in our normal interchange with the world. We also intend -

/ :

our srructurel model to reflect some ‘aspects of the processes

that lead to various Eypes of memory representations. Finelly,

we try to follow our own suggestion and take the data of

phenomenal experience as a fundamental aspect of a description of.

\

the structure of ,human memory. " ' “
¢ . Overview of Strugtural Account ‘

The essence of our organization of memor} is giveﬁ in Table\

2, This table is structured with types of input to the ﬁemory

8

N - 25
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'
. system along.the‘top and types.of acquisition conditiona along
the side. Within the cells are tre hypothesized mental events

o resulting from the conjunction of the particular type of input

)I’
and type of acquisition condition.

r

' Insert Table 2 apout hete. . .

é

4

) L R . .
Acquisition Conditions (Rows) _ . \\\\\ ‘ S

We copéi&er three important types of acquis¥tion -conditions:

-

- exposure to a single instance of.tg? input, exposure to multiple '.
‘instances of the inpgc without variation (e.g.,_é&g exposures to °
the shme picture or ten trials on the same serial list of
nonsénse syllables), and exposure to input that is repeated with
variation. The“catego}y of repetition with variation is intended_ . .. e
v A to cover a range of levels of abstraction of the input. Thus,
£59 multiple exposures to the same dog in various qiycumstancee would
‘Sé repetitﬁgp with variation and so wogld the more abstracf level
provided by exposure to a nunber of instaneg; of different types
of dogs.
When analyzing the-Eypes of memory in the single instance
condition we wilygassume that the memory tasks will be directed
at information specific to the siangle instances. In analyzing

the types of memory in both of the repeated items conditions we

will assume that the memory tasks will be directed at recall that

N

26
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utilizes the expetiedées with the set of repeated items and not
at one of the instances.

In eaéh input condition we have divided the resulting wmental
events into imaginal events and nonimaginal events. This'is
motivated by our desire to treat the phenomenal data as a serious
ﬁart of theory comstruction. Note that the division is between
imaginal and nonimaginal and not between phenomenal and
nonphenomenal. We adopted this approach primarily for
methodological reasons. We believe that there aggﬁghsfomenal
states that are nonimaginal (e.g., the imageless thoughts of the
Wﬁrzburg psychologists, Woodworth, and.Binet; see Calkins, 1909;
Humphrey, 1951; Ogden, 1911). However, this is a difficult area
and the data have been hard to interpret (see Pani, 1983). Thus,
until clarifying data are obtained on this issue, we will
restrict our analysis primarily to phenomenal repoits of mental
images, where the data are clearer and easier to obtain.

In most cases the types of mental repteseqpations we
postulate for the nonimaginal cells are schemas (Brewer &
Nakamura, in press;-Minsky, 1975; Rumelhart, 1980; Schank &
Abelson, 1977). Schem;;\;fé"nqnphenomenal mental representations
of organized knowledge. When an input occurs and activates a
schema, then the organized knowlgdge can be related to the input.
This process makes possible: expectations, inferences, and

active anticipations. The term. "schema” will be used to cover a

wide range of knowledge structures=-from object schemas that

27
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allow one to infer what the nonvisible side of an object might
look like, to motor productidn schemas which allow the smooth
‘ output of a particular motor action.

This discussion of schemas raises an interesting problem,
How do ;heée abstract schemas differ from'the "abscr#ct
knowledge" that we referred to in our discussion of semantic
memory? It may be that these two types of menﬁal . esentation
should actually be considered to be of one type. However, we
would like to distinguish between them. We éropose that semantic
memory is knowledge of abstract things, whereas schemas are
abstract knowledge of things.
Types of Input (Columns) : }up

The columns in the analysis are organized accoéding‘to our
view of the fundamental types of input that lead to the various
formns of memory representaflon. In those cases whére the input
involves forming a reptésentation of a content from the external
world, we have subdivided the input into meaningful stimuli and
meaningiess stimuli. We do this because there are important
differences between memory for meaningful stimuli, which are
easily encoded into preexisting schemas, and memory for
meaningless stimull, which are more difficult to encode into such
schemas. In addition, the distinction is of practical value,
since how one interprets a particular mehory experiment is

frequently determined by the nature of the input with respect to

this distinction.

28
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“ A Structural Theory of Human _b_!g_l_n_qz.

In this section we examine the hypothesized mental events
resuliing from the‘coﬁjunction of the particular types of»input
.aqd types of acquisitign cgndicion. Wé\will proceed through the
table by types of input (i.e., column by columm).
stual-séétial _

Meaningful. We postulate that a single exposure to a
meaningful visual=-spatial inp;t'wfll lead to & barticularized
visual image. - This is, of course, one of the strong components
of personal memory as described in the botany of memory.

In his classic review of introspective methods for the study
of mental imagery, Angell (1910) suggests that brief exposure to .
an arbitrary array of objects or pictures, followed by a‘memory
task reéuiring informaﬁion about the concrete properties of the

display, is one of the best ways to elicit visual imagery (also

see Kuhlmann, 1909).

There have been a number of recent experiments examihing
memory for.single exposures to meaningful visual-gpatial input
(e.g., Brewer & Treyens, 1981; Hock & Schmelzkopf, 1980; Mandler
& Parker, 1976).but these experiments rarely include data
concerning the phenomenal experiences of the subjects during the
recall task. However, from the informal comments of the subjects
in the Brewer and Treyens experiment on memory for rooms and from

the fact that they sometimes pointed to an imaginary position in

space when answering a question, we think that appropriately

29
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designed éfper;mehts'will éupport the assertion that this type of
input leads to particulgrized visual 1mage.represeﬁtationa.

\The mental 1mages'assoc1ated with personal mem;ry appear tp
be very vivid and to include much "irrelevant" detaii. It 1; not

clear that one can show increased recall of information base@ on
these méntal experiences. However, if one could show such
evidence in recall, then one might want to hypothesize that the

representations for persdnal memories are less reworked by schema
: . &

proceéses and somehaw closer to the initial perceptual input than

other forms of recall. This difficult and controversial issue is

clearly in need of additional study. '

-

Exposurefco a s%nglé instance of a meaningful vigual-spatial
input leads to schema instantiation. The ind%viﬂual uses generic
schema information to intérpfet the ;;rticular\vi;ual—spatial
input. The resulting instantiated schema representation consists
of an integration of the information contained in the new
instance and information ficam the gene;ic scheﬁa. Thus, in the
Brewer and Treyens (1981) experiment subjects attempted to recall
an office in which they had been for a brief périod. The
information given in recall was a mixture of informat{pn:that was
clearly from the particular room (e.g., it contained a Skinner
box) and information that was not actually in the particular

room, but was derived from their general office schema (e.g., it

contained books). Note that the case of schema instantiation is

part of the larger issue of the interaction of particular input

30
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with generdc knowledge. It is likely that both generic visual '
fﬁages and generié echeﬁas can interact with the information
contained in input from single instances to produce partially
+ reconstructed visuai images and instantiated schemas (e.g.,

Neisser, 1981, 43-48), | '

Multiple exposuvres without variation of a meaningful visual--

spatial input should lead to a more articulate image. However,
'g) . ‘ . s - .
if there is a consistent focus of attention on particular items

or properties, then the meaningful nature of the material may

lead to a reduction from the image of less relevant properties.
Thus, while we would expect context to occur in the visual-
spatial coﬁponqn; of a personal memory, it may not always remain

in cases of mvltiple exposures.
If an object or class of objects is repeated with variatign

we postulate that a generic visual image results. This is a

’
po——

topic that neéeds research. For highly variable classés such as
. Y, .
“furniture” it seems unlikely that one forms a gemeric image

(e.g., Rosch, Mervis, Gray, Johnson, & Boyes-Braem, 1976); for

other less variable classes (e.g., "dog,” "triangle") more data

are needed. Essentially we are assuming that the process of

abstracticn (e.g., Gibson, 19%9) leédq to the production of
4
generic images from experience with multiple differing

4

7
Jd

particulars, o,

This suggests an interesting problem., Does the process of

abstraction lead to a generic image and muléiple particuler

-
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images or is there loss of the particalarized 1mages?':Medin and

Schaffer (1978) have proposed a theory of concept classification

that emphasizes-recail'of specific instances. Brewer and Dupiee \

(1981, 1983b) have carried out:an experiméﬁt on the development '

qf genetic place réprgsentations and have found .that therg 18 .
apparently some loss of-the particula:ize@ instances that go into
maki;g up.the generic representation. Clearly another area that
needs additionél feeearch.

" When meaningful visua*-spatial ;nputs are repeated with
variation we assume the developmeﬁt of schemas in addition to
genéric images. The reason that we postulate‘nonimaginal schema
repreéentations for 6bjects.and places 'is that we do not .think
generic images are abstract ehough to account for much'of our
visual-spatial knowledgé: We feel that ﬁhere.is ébs;ract - ..;
knowledge about objects and places that is somehow specific to |
them and not a part of semantic_memory. Thus, for objects we
would consider the classic Piagetian object schema, to contain a
nonimaginal schema component, Fér placeé, consider the following
question, "Which is closer, your bathruvom or tge.post office?”

It seems to us that one may aﬁswer this question withlhonimaginal
place schema information and w{gpogt generic image information é;
information from semantic memory. .These are difficult problems

and clearly more theory development is needed to make.progress on

these 1issues.
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Meaniﬁgless. We turn now to the seécond column in Table 2.

A geaningless éisual-spatial input is one that-hasllittle schema

information already existing in long-term memory. We assume that

exposure to stimuli -of this type fesults in an attempt to build a |
new schema or impose an old schema (see Piaget, 1952, 1954; - N\
Rumelbart & Norman, 1977). Our position here is similar to that °

v -

taken by Bartlett (1932) in his diacﬁssién of the use. of nonsense .

' -
syllables in memory experiments. Bartlett argued that when faced g&%

with “"meaningless” material subjects woulé attempt to impose

meaning on the stimuli. He referred to this process as "effort

-after meaning” (p. 20). In more recent times investigators in the

Ebbinghaus tradition haveﬂshown. in some detail, the powerful

effects :hgt effort after qeaning has on learning meaningless

1inguis:icqmateriai (Montggué, Adams & Kiess, 1966; Prjcdlak.
1971).
'The_property of meaningless items tﬁat makes them

meaningless is that the_imposition of prior schemas is only

instantiation is inadequate, material must be newly learned from
immediate perceptiom, Several investigators have pointed out
that the memory for such cases should be relatively iﬁagistic and
depictive, since no other form of memory representation is
available (Koss;yn. 1980, 19813 Kosslyn & Jolicoegr, 1980; Pani,

1982, 1983).
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oy . . Tﬁe occurrence of repetition with variation of instances of - - .
an 1nigi€;;y meaningless. pattern should 1¢hd to the development |

| . of a new geneﬁ}c*%mage~and a new schemg. The classié experiments

A " of Posner (Posnef:'1969; qunér &'Keeie, 1968) on recognition

memory for dot patterng generatédhfrqm an underlying pa;tern-
represent an attempt to atudyjchﬁgjppoéess. Posner (1969)

suggests that the form of representation in these tasks may be

A

~ | abétrgct ronimaginal schemas. Erom our perspective it would be
. ' . ' \ e . ) .
‘ interesting to ‘carry out these experiments in a recall paradigm,
\ .

» With a variety of types of schemas, and obtain phenomenal repofts

from the subjects during recall, ' Do the subjects report generic

< . mental images, images of particular ihétances, or no images at

all? o | | e

’ * Visual-Temporal ’ '
. ' Meaningful., We now begin the third column. We assume that
' a single exposure to a meaninéful visual-temporal event leads to
the develophent of nonf%agiﬁal schemas. Observed causal events N

S, '
lead to event schemas and observed goal=directed actions lead to N

plan schemas (cf. Schank & Abelson, 1977). An empirical study of

memory for'goal;directed actions by Lichtenstein and Brewer

(1980) supports our assumptions on this issue.® Théfe

investigators had subjects view a videotape of an actor carrying
. . ~

out a series of goal-directed accionsiandf%hoyed that a wide

range of recall data could be accounted for by assuming ‘that the

subjects had developed plan schemas for the observed actioms.
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There are few datq on cﬁg\imaginal prOpeftiés resulting from

observed.visual-tempor;l events. Lichtend%ein and Br Qe:i(1980)

did nof. ﬁnfortunately. gather any systematic data oéﬁ}his 1ssu;.

Howevér,-sﬁme informal observations during those expetime&tﬁ'.

suggest that rarely do subjecfs report the phenomenal experience

of-being able to "replay in their mind's eye‘ a smooth version of

what they saw. Instead, they tended to report sequences of

static images with some limited movement.

An early discussion of mental imagery, by Ladd (1894)
supports this view. Ladd believed that the progressive
“condensation” of imaginal representation extendedrin time is a

fundamental principle of the development of cognition. Pani

(1983) has suggested that the deletion of redundant material from

the imaging of visual~temporal 1np§t would result in sav;ng& of
time and.effort. .These claiﬁs.are.reminiécent.of'the views of 3
Attneavg (1954) and Hochberg (1968) on tye perception of visual= °
spatial-structute.. They p&int out that there are particular 5
parts of items that convey relatively large amounts of R
iﬁformacion about .the nature of an object, and other parts that
;re relatively uninformative. This suggests that the remaining .
information in the imaginal representation of visuai-tempogal
inputs consists of images of the wmore infqgmative stages of

events.

On the basis of these various considerations we have

tentatively assumed that single exposures to meaningful visual-

. ‘{i:,:fg.:
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temporai events lead to sequences of static visual ipages, rather

{

than to single temporally continuous inagea. This view contrasts
]
with the inclinations of nuoh current imagery theory (e.g.,

Kosalgn, 1980; Shepard. 1978), although Koaslyn does discuss the
“blink“ tranaformation. Clearly more data are needed here.

1f a meaningful sequence is repeated without variation. we
aseume that it may be converted into a more rigid script.
Examplea Of events repeated with little variation might be

religious rites and mechanical processes. Again, we have no data

»

relevant to the issue of the imaginal consequences of repetitf%n

without variation. °However, it is possiile that condensation may.
)

' continue for irrelevant properties. We would also syspect that

repetition-would lead to stronger ‘visual imagery for the

~

information that is retained.

For meaningful events repeated with variation we assume the

%2

development of more abstract plan and event schemas (Schank &

' Abelson, 1977, Schmidt, 1976). It is not clear what the imaginal

properties would be for this condition. It s likeiy that even

’

after a great deal of condensation;'highly informativé generic

reference points remain imageable. However, it also is possible

that events can differ enough among thepselves so that they are

L]

encoded at a level of'abstraction_tbat cannot be captured in an

o 17N
]

image. ‘ . !

ot L

]

There is a subset of meaningful visual-temporal events that,,

we wish to distinguish-—memory for personal actions. After an

P

\
.
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individual has carried out some goal-directed aQEion. the

" individual can recall what he or she did. This type of recall
) R t . b
seems similar tp the recall of the actions of another person.
. [ ]

%f However, the actor has direct access to the actor's plang, to :

. - knowledge about intentions not acted upon, and to other aspects

- * - N .

of conscious mental life that occurred during the action., We .

will provi;ionally assume that memory for personal actibns can be

treated as essentially similar to memory for the obbenyed,acﬁians

. o of others. s | . .

v ) : B

~ Meaningless. We assume that sﬂbjects_exposed to meaningless //,/7
- C .o .,

~ " wisual=temporal events will attempt to-impose causal and plen

schemas on the events. However, there will be numerous cases
where unique peréeptual propérties of a particular event Qre J
remembered. As we have argued before, imagery may be the primary n.
way in which such.prOpfrties as these will be represented at

. figft. A recent experimengiby Brgg?r and Dupree (19$3a) supports D
these assumptions. Brewér and Dupreée obtained data showing that
subjeqts attempted to provide plan.schemas for relatively

Ny meaningless actiéns and that when they did Yl'improved recall,’

_: No phenqmgpal report d.:ta were obtained in this experimené;

. however..the»recognic1on data and the overall pattern of result%

can be used to draw inferences'abou: the im;gery for meaningful , . .

and meaningless actions. It is possible that after viewing an'-

\ action there is visual information that is retained over a period

of hours, but that after several days the information is greatly
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reduced and underlying plan information is predominantly what is

retained. ' 2

é&§$£2£2,(Nonligguisricf’”" g Ner N

The- auditory input condirionséwere filled in by analogy with

"

the visual columns. We have little speeific to contr .bute’ to rhe

. 1.,.

analysis of this type of input, and have included it primariiy - 0
for consistency. However, there are a number:of studies rhar
suggest that the auditory columns will be analogous to the visual

-

Zolumms (e.8., barner. 1974; Williams & Aiken, 197523

A complete desegiprion of memory would also include an w

.agcount of memory for music.  This 1s a complex issue, For

example, we suspect that an analysis of music should share some

of che‘characteristies of’ our analysis of linguiatic input.
Howeve;, we know so little about. these issues at the present thar
we are nor willing to speculate.
Emotional Situations '.9

In an earlier version of this article we omitted memory for
emotions because so litrle is known about the topic. However, we
have decided to include it_becauee just making the attempt seemed
to force us to ask interesting questions. In one of the few

. v
recent discusaions of memory for emotions, Bower (1Y8l1) proposes

that memory for emotions should be analyzed in terms of “emotion

nodes.” Given the frameuork adopced in this chapter'there are
additional issues that must be resolved. Does the memory for an

emotion have an emotion reliving componeant ‘¢an “emotional
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' -

imaée"), and does the memory for an enotion have a nonimaginal

- L

“emotion schema! component? .
’ \

There are formidable problems here. For example, if one

atteinpts to carry out introspective studies of {enory for
emotion, it is necessary to disiinguish the currigt emotions frog
the recalled emotions. The problem arises due to the;fact that
recalling a situation-that\made-you angry c;n cause you once
again to becoﬁe angry about t@e situation. Try recalling “your

meost embarrassing méﬁfnt" for an intuitive example of the

° A

difficulty.. ’

A second issue is a theoretical one. § What does it mean to
‘.Eélklgbout "emotion schemas"? Clearly one can come to have
semantic;"knowledge about ’any type of irnput in our table. ‘Ijhus,'
one can explicitly é&ter into semantic memory the fact‘ggég “the
stats to thg south of Oklahoma is Texas." Similarly,:?ne can
have semantic knowledge taat “I was angry when I received the

- letter last week."” The throretical puzzlé is whether it makes
any sense to postulate something called an'emotion schema
independently of the knowledge that you felt a particular :

emotion. The most sophisticated’ treatment of this issue that we .

know of is by St. Augustine. In the Confessions, Augustine

discussed the representation issue we just outlined, and he
rejected (on the basis of his own introspections) the view that

one relives an emotion when remembering it. However, he also

rejected the view that one simply has semantic knowledge of the

”~

39
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emotions. He postulated a third form of representation,
"notions,"” to deal with the problem, In our terms, he was, , ' ) ..é
apparently suggesting that memory for em;tione éonsia:s of?~ 2y
empéiou schemas withoug‘emotion images or semantic memory of . . '

F)

\ , .
emotions. Obviously, the issue of memory for emotion is in need

o ' .

of empirical and conceptual clarification.

Linguistic ‘
Special properties gg_langﬁage. Memory for linguistic input

¢

is the most thoroughly'studied area in the expetiment#l stuhy of
memory. it is, however, one of'the most subtle in terms of the
structire of mémory. First one has to take into account tlat o
langu;ée input can be used to coﬁvey many.different types of

information. This means that, in remembering what was conveyed

by a linguistic input, the memory representations themseives may
“ not be linguistic in form., Brewer (1980) has argued that - -
‘. ’ﬁescripﬁ%ve discourse is represented in terms of viEualfgpatial

schemas, while narrative discéurse is rep;esented in terms of

f. plén.schemas.’ There is considgrable experi%ental evidence that . \§*~

; ! can be interpreted to support this assertion. In a study by' ) - \

Bransford, Barclay and Franks (1972) subjects given seatences
describing objects in simple spatial arrangements produéed recall
data that was similar to what one aight have éxpected if the

subjects had actually seen pictures of the sceres described by «

the sentences. For narrative discourse, Lichtenstein and Brewer

3

- (1980) have carried out an explicit test. In Experiments 4 and 5

¢
I

°
-\\
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of that paper subjects were given narratives describing a series
of goal-direated actions., The pattern gf-tecail data was
essentially the same as that produced by subjects who saw actual
videotapes of the goal-directed actions. Thus, for our purposes,
any time linguistic input conveys information ch;racée:iscic of
some other type of input we will assume that the form of
representation in memory is the form postulated for that type of
'input (e.g., visual-gpatial for linguistic descriptions). For
example, in terms of -Table 2 this approach means that qeaningful
linguistic input of nérraqive form should be analyzed as if it
occurr?d in the visual-temporal (meaningful) input column. Note,
however, that we do not assume such a shift for expository text.
Brewer (1980) ha3 argued that the underlying reptesentgtions for
expository text are abstract propositions Ar thoughts. To put it
another way, expository text is linguistic. input that encodes
semantic memory information.,

A second way in which meaningful linguistic input differs
from the other forms of input is that we assume that, in addition
to perceptual images (e.g., the sound of a word), there are two
abstract levels of representation arranged in a hierarchical
fashion: surface structure produccion_schemas, and thoughts. In
particular, we are Qaking the assumption that there is a separate
abgstract level of represeantation that is a nonimaginal surface
structure production schema. This allows the overt recall of a

nonsense syllable such as DAX without imaging that syllable

4

41
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first. This'contrastg with the view that surface structure must
be encoded in terms ofrauditory or visual images. Thusalfrom our
perspective the auditory occurreace of a meaningful wﬁrd such :;
"truth” leads to three levels of representation: an auditory
image, a surface structure production schema, and the thought
(meaniqg) expressed by the word.

Meaningful. Our mode of analysis leaves memory for
a expository linguistip input with no image properties. We have

assumed that the basic meaning *for this material is in terms of

;bstract noniﬁaginal thought. Imaginal representation of the
visual or auditory properties of the presented word would be
treated under memory for surface structure information. If the
w;rd were concrete and gave rise to visual imagery then that

would be treated under memory for visual-spatial information. As

mentioned earlier, we ‘believe that'one may want to consider the
existence of phenomenal but imageless thoughts for this type of
reprgsentation, but for now we will ignore that posaibility. Our
analysis of the representation of meaningful linguistic input in
terms of an abstract nonimaginal representation is consistent
with the standard approach in current cognitive psychology (e.g.,
Andergén & Bower, 1973; Bransford & Franks, 1971; Kintsch, 1974),
and with the earlier work on imageless thoughts (of Calkins,
1909; Humphrey, 1951; Ogden, 1911).

There 1s a large experimental literature on memory for

thoughts supporting the position outlined above (Anderson, 1974;

~__
42

S
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Bock & Brewer, 1974; Brewer, 1§75;_Graesset & Mandler, 1975;
e Sachs, 1967). The typicel approach in these experiments is to
give subjects a sentence memory task (récall or recognition) and §
to show that the subjects recaiﬁ.the 14eas expressed in the C p ' *}
sencenceg even when they do ﬁo: retain the paréicular.inpu: ) ;
surface form.. ) . ' | ;
We have 1ncluded abstract nonimaginal'tepreaentat;ons-u;d;r
the heading of input from meaningful expository linguistic
discourse because that is probably the most fred;ent form of
input for these‘ptocesses. However, we believe that information
can enter the system of abstract nonimaginaf representations
(semantic memory) thréugh a variety of nonlinguistic interchanges

with the world and through internal reworkings of the information . 3

already in the system.

3

When one has a singlg exposufe to a trivial piece of
knowledge it is easy to become confused about the appropriate N
form of representation (thought vs. surface structure)., Take the
example of someone who has learned the names of the state
capitals so that when given "Illinois,” ‘this individual says
"Springfield.” We would argue that this performance typically
requires two levels of representation (surface structure and
thought) and so sﬁould be distinguished from the case of learning
to séy "DAX" when given "ZEQ." Evidence that some absgract

factual knowledge had been acquired in the first case would be

shown by the individual's ability to paraphrase the information

43 /
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.and draw inferences. Thus, having legpﬁéd Illinois¥-Spr1ngfie1d

our subject could paraphrase ;he ;yférmatioﬁ,'“Springfield is the

‘;ﬂ

capital of Illinois” or ”Thf;%?pital of Illincis is Springfield."
Similarly the subjéct ghou%ﬁﬁge able to make the inference that
“Chicago is not the_gaﬁitalzof'Ili;nois.“ Note :hat'for gomeone
who did not know English the ability to give "Springfield".whén

pre&ented“with ”;Iiinois” wou14 be merely an.exanplé.of memory'

represented %p’ihe form of a surface structure pioductich schema, .

The effect of repetition with variation for meaningful
linguistic input can have a different effect than it has for the
» other inputs. There is not necessarily a shift toward more

gbstract representations. With even a single instance of
; :

/

expository language the initial representation is already

abstract, and its content may be extreémely abstract (e.g.,

"Religion stems from the need to know"). When there is
repetition with variation there is an increase in the richness

and complexity of the represeatation.

Meaningless (surface structure). We postulate that after
exposure to a single instance of a meaningless linguistic input
individuals have an auditory or visual image representation.

Some of the early introspective studies of memory support this
position (Fernald, 1912).
, In addition to image representations, a single exposure to a

meaningless lingristic input leads to the beginning of a surface
structure production schema. The de7«lopment of surfdce d

44
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structure production schemas for more than a few items is a skill
that takes a number of repetitions to develop. The contrast

between the ability to produce thoughts and to pfoduce surface

structure schemas was noted by Ebbinghaus (1885/1964, p. 50), and .

'was studied by a number of inveg:igatoré'as the difference

between "logicsl” and "rote"nme@bty (Cofer, 1941; Welborn &
English, 1937). | |

. For purposes of clarity we have been using exauples of
meaningless linguistic input to discuss the devzlopment of
surface structure prodpction schemas. 'However. yecause of':hé
hierarchically organized nature of the two forms of linguistic
reﬁresengacions. one can also investigate tﬁe development of
surface structure production schemas foﬁ meaningful sentences.

There is a wide range of studies showing that for meaningful

‘sentences the memory for the underlying thoughts 1is better than

the memory for the surface structure (e.g., Brewer, 1975; Sachs,
1967).

Consideration of what it means to repeat a surface structure
with accaptable variation (change the type face,.shift speakers)
shows that this type of input does not lead to the same:level of
abstraction as the other inputs. |

There is'oqe'area where rote linguistic skill is very
important. Each native speaker of a language has to masler the

tens of thousands of lexical forms that make up the vocabulary of

the laaguage. Clearly the ability to develop surface structure
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production schemas plays a crucial role in learning a spoken

‘langusge.
Cognitive Operations -

Cogn;tive skills involve the execution of practiced
cognitive operations.

Cognitive skills differ from rote skills in that cognitive

. 8kills are generative and rote skills are not. Once an

individual has learned ‘a eognitive skill that 1ndividual can
typically apply it to-a large class of new objects (e.g., taking
square roots); ?ut once an individual has learned a rote skill
that individual has ﬁhe_ability'to produce‘only’oge set of
surface structure objects. The rote skill of-sayinglthé
multiplication table in Englisu does not allow one to say the
alphabet.

The distinction between cognitive skill and recall of
'infOtmation from semantic memory can sometimes be unclear. We
tend to‘classify a task'as‘gn instance of cognitive.skill if the
task is procedural, if it is knowledge_ggg rather than
knowledge that. The difference 1s.clear in the case of the rules
of syntax of one's native\iapguage. A child has the-cognitivg
skill of performing many ;yntactic operations ‘before entering
school and in the course of formal edugation the child comes to
develop knowledge that about some of the rules. This is

presumably the distinction that Chomsky was intending when he

stated, "a generative grammar attempts to specify what the

. . . . ) e, - ., - . "j - ey .
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. speaker actually knows, not what he may repot; about his-

knowledge" (1965, p. 8).

There has recently been a renewed interest in the study of

cognitive skill in psychology (Anderson, 1981; Card, Moran &

Newell, 1980). Cognitive skills,hiike the other skills, require
a number of repetitions before smooth, successful operation.
Thus, it is difficult to discuss the representa:idn that results

after a siﬂgle operation of a cognitive skill., However, in a

recent study 6£ tpe'earl§ stages of learning to use a text editor

Ro;s.(1982) has obtained verbal protocols suggesting that the
subjects attempt:tb ;upplement the wissing cognitive skill with
other types of'kgowiedge. They use.personal wenories, -"Oh yes, I
remenber when I pressed“thaf bnﬁcon over there the whole screen
went blank"” and semantic kqowledge “Let's see,:thefrule,is that
to change a‘gord in the ﬁext, select the word, press.éapital 'R',
type'the new word and press the ESC key." One has the feeling
that what is going on here is similar to Bartlett's "effort after
meaning,"” berhaps "effort after production.”

W@en cognitive operations have been repeated many times
there is little or no imaginal accompaniment (Book, 1908), It is-
?fesumably this observation that led Lashley tb state "No
activity of mind is ever conscious” (1960, p. 532). It may be

the case that cognitive operations are a type of mental

occurrence that is intrinsically nonphenomenal. On the other

hand, it may be that they are phenomenally experienced only

47
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'

during the early stages of the acquisition.of a skill and. not

»

later on (see gani,‘19833.. '. \

The issues relat;ng to the acqqiaition‘zf motor skill.are'
similar to those discussed for-cognitive skiil. Many '
invesciga;oré 1nithis area have suggested that,gqpeg motor
actions have been pract;ced: the conscinus correlates of '
performing th; action are reduced or eliminated (Adams, 1971;
Book; 1908; Fitts & Posner, 1567). The classic diséussion is in
James' chapter on habiﬁ. "He ?tateﬁ. "habit diminishes the;

céﬁscipus attention with which our acts are performed” (1890,

Vol. 1, p. 114), While theie is agreement that conscious

" processes occur during the early stages of the acquisition of a

motor skill, 1t ‘is not clear exactly what types. of processes

these are. For exaffiple; they may be motor 1magery. 1mageless

- thoughts, or other types of memory representation used in “"effort

after production.”

» *

¥ oo
The carrying out of intended activities 1nvolves the

L]

production of complex sequences of actions (e.g., driving to a
. e !
new restaurant). We assume that these intentional actions are

structured in terms of plan production schemas. Plan production
schemas organize actions in termé of hlerarchically structured

goal-subgoal relations. Plan productidn is intended to allow us

to include the memory componént that is involved in: walking

A

48
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- f

\ .
home frég theqoffice, baking a cake, dancing in a square ﬂance.

One might want tb argue'thas plan production is ‘a complex mixture
of ¢ngitive operationsténd motor performance, but we'prgfer to

treat plan production as a separate category.

¢

[

~ Carrying out a single instance u{\: new plan seems to be a
. MRemory fask in ouly a limited fashion., In pe:forniqg a new plan,
say finding your way for the first cimE”from_Heathrow'Aitport to
the British Museum, ﬁuch of the petforﬁance seems to be problem
solving with very genetﬁl generic memory input.' It is not:cléar ,
how much imaginal activity 'ccuis when one carries out a new plan
of this type,‘bat there ég:: appea£ to bg a large amount of
nonimaginal phenomenal expeilence. It seems to us that one is
aware of intentions, the.goél;'and maﬁy subgoals (e.g., "I need
to get from here to éhe museum « o o+ I wonder how I can get.my
money changed . . « How do I get to the underground, etc.").

In plans carried outiﬁith little variation’ (taking the samé;
route home from the office every day) it would appear that the :
awaréness of the sgbgoals and subplans tends tc decline '
(Shallice, 1972). It seems likely that it is these fixed plans
that are most likely to l;ad to “aétions slips” (Norman, 1981)
where the individual carries out an action that was not intended,
Carrying out a variety of intentional actions of a given type

leads to the development of generic plan schemas (e.g., going to

restaurants, traveling to new cities).

49 o
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STRUCTURE OF MEMORY: IHPLICATIQNS )

In this section of the chapter we will rel ate the earlier,

[

more descriptive botany of memory to our analysis of the
structure of memory. We will glso work out gome of the

implications of our structural account'for a nupber .of partiédlar

L4

»

issues in the study of human menmory.
Relation of the Botany of M ___rz ('l'able 1)
to the Stru ructure of Memory (Table (Table 2)
Our intent 1n outlining the botany of memory was to. describg

common types of human Wenory. . Sur intent in the structural

@
¢

'account was to give an analytic account of}possible types of
human'memory.along.with some indication aPout how different torms
of memory are acquired. We think that the t?pes of memory
discussed in the botany are the ecologically 1§éortant subset of
the po;sible types of memory given in Table 2.1 They are the

subset that tends to occur in the normal ecological interactions

A
with the environment, '

yIt moving around in the world one tendsbto be exposed.to
many unique co;gceurrences of méhningfu{~visual-spatia1 input,
meaningful visual-te;poral input, meaningful auditory input, and
linguistic input. It is roughly this set of representations (the
single instance rows in Table 2) thatlgo into making up personal
memory. In our dealings with the world, and in particuiér in our

. dealings with the products of culture, we are exposed to much

abstract knowledge (facts, propositiohs,'thoughts), It is this-

<




. N -
type of knowledge that COnsti;ute§ gsemantic memory (the . \\\N__,//}

-
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N

meaningful linguistic input column). In moving through the

visual world, we tead to view constant objects and constant

places 1n the .environment from a variety of perspectives. It is _ o

/

this type of Anteraction with the world thac leads to the '
development of generic visual memory (the repeated with variation

rows in the visual-spatial input -columns). In learning to speak

e

a language and in memorizing nonsense\syliable lists for

experimental psychologists, we develop the aurfac:;;t:ucture

production schemas that make up Tote linguistic skill (the

repeated without variation rows 1n the mea//p less linguistic

input column). In carrying out s of ghe complex repetitive
. 'Y Ve
processes that are part ofﬁfggérn ci lﬁéation (arithmetic, text
c

editing) we come to devel' ogn 1ve'§5111§, and fiﬁally when we
repeatedly manipulate objects/in the world we come to develop
‘ggggg_gggllgq Thus, by ta i;g the analysis of the structure of
memory, and looKing ac/ﬁ;turally occurring human actions, we find

the botany £ memory to be a natural consequence of the operation

<

of the humag/memory system and the normal osganism-environment

inLef/ZE;ons in our culture.

. Mental Imagery in the Transfer

of Brocedural Memory to Semantic Memory

In our analysia of memory we noté3 that the knowledge
involved in practiced skills is represented in productionéijpemas

and lipéle imaginal experience is reported during a skilled
s .

s
: N

e \

&

-]
L




performance. However, in the course of bilot work, for an
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1982, 1983b) we have uncovered an interesting clasg of mental

R A L R i e T Rt Mt 51
T e A t

~ | . The Structure of Human Memory 50

4

experiment on plienomenal eéxperience during memory (Brewérdf Pani,

proéesaea. If one asks a aubjeccffor a propositional account of
information that "resides in" procedural (skill).mémory then~

there is a striking occurrence of appropriate mental imagery. ® ' R

Thus for example: , ' : ' ))/é
a. Rote linguistic skill : ™ | | ' S

€

(1) "what is the seventh letter of the‘alphabet?"

(2) "What is the next to last digit of your phone
n“mm,? : s ot N ;

b, Cognitive skill

[N

.(1) "What is the sum of 78 and 437"

(2) "What are the last three letters of the plural
of irony?" 3

c. Motor skill

{1) “Which finger do you use to type an 'r'?"

(2) '"When baéking a car which direction do you turn
the steering wheel in order to make the back of
the car go to the left?”

'It appears that in these cases one is able to divide one'é, : e '
conécious mgpcal processing into two parts. Ong/part of;the\hind . ~ , '
carries out the procedural task in imagistic fprm and the other - v
part of the mind noces the contents of the 1mages and gives the |

- l

required propositional answer. It seems to us that this class of

phenomens shows the qualitative difference between knowledge how

\

|8
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H e
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and knowledge that and suggests°that the mental imagery might

- play a functional role in performing the memory task.
In the course of evé%yday life one rarely needs to perform
procedural tasks in imagistic form. However, mental arithmetic
is an exceptidﬁ. Most mental skills are carried out in
- ' interaction with cuitural gB;gctsf(eag.. a ¢omputer terﬁinal for
text editing;"bencil and paper for square roots), and we have \”\\\\:“N
argued that during ékil}ed performance little imagery occurs. H‘: W~
However, in everyday life one occasionally needs to carty out the
. : task of simple arithmetic witﬁ;ut paper and pﬂncil and so resorts
to "mental arithmetig" or "doing the problem in your head.” 1In
keeping with our account oﬁ'mentallx_pepformed skills.“there
appears to L2 strong imagery in tﬁis tasks The phenomenon ié éor
powerful in this case that when B. F. Skinner (1957) was - - ~ ¢
attempting to worg/;ut a radical'behaviorist approach, ta
psycholoé§ he wag.forced to éote that, "In i;travefbal chaini?g. Ny S .
for ex&mpi:; necé::::§\links are sometimes missing froh the
observable data."x’éwt\en someone solves_ﬁa problem in 'mental
arithmeétic,' the initial stétement of the problem and the ﬁ}nal L

overt amswer can often be related only by iﬁferring covert

] .
\ . events” (p. 434). - .
1 L - ! ¢

Multipie Fo 'ws of Representation

One ofl;he obvious consequences of our analysis of‘ memory is

AT

: » )
that there are many different forms of memory representation. -

The same event can result in different memory régﬁg?entations (as
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.8

in the intial example of thé undergraduate going to the

psychology expariment), and a=§1ven recall ﬁgrformance can be

based on a variety of forms of mental reptesencation. . o

. For example, consider a typical semantic memory task whefe

the subjéct is asked "What color is a canary?” and respondg_" .

t o correctly. In terms of our ;nalysia thé subject's response could
have been based on: (a) a particularized 1m§ge, (b) a,scheg? (c)
; generic.image, (d) semantic memory, or (e) rote linguistic

LI "

"™ . the memory process one must be sensitive to this ‘issue aud
..\\ rd

~

atteﬁpc to establish what form of represgntag;on the subject is

using in a given performance (see Kosslyn, 1980, f?r a similar

- v . ‘ '
Y

position). , v
In gegerak, the proposal we haQe outlined is going to be
hard on thé &hothing but"” theorist (e.g., the theorist who says
that the form of representation is nothing but X). For example,
when Begg and Paivio (1969) postulated that abstract sentences
are repre;ented iq memory as nothing but surface qﬁsuctures,
« , Brewer (1375)"was able to show the problemg with tnis posiéion'ﬁy
A providig; memory data (synonym gubstitutions) which seem to
N ' _ require an abstract nonimage form of ;epresentatioﬁ in the recall
of meaningful abstrqctgsenteﬁces. |
‘ 'Té take another example, ¥t seems to us that many types bf

' reagoning problems can be solved with both imaginal and

R nonimaginal representational processes. Thus, in studying

skill. Clearly, if one is going to sonstruct adequaée models of .-
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reasoning problems one must find cut what forms of representation
are being used in a particular performance and why (see Banks,
1977; Clark, 1969; Huttenlocher, 1968; Moyét & Dumais, 1978).

The approach we have adopted here can account for many .
individual aifferencgs ia the perfogmance of a given task. When
we ask people to tell us the seventh letter of the alphabet we
usuaily get long reaction times and strong reports of auditory
and/or visual imagery. However, one indivgdual we tested gave
the response immediately and with little report of ‘imagery. When
we asked the subject some questions to find out why he differed
from our other eubjects we found that he was an amateur
cryptographer and had the letter-number correspondences stored in
rote linguistic form.

To take another example, we have recently tried to elicit \
personal memory by asking a question such : 3 "What did you have
for breakfast?” The subjects tested gave personal memory
reports, but suppose that a subject had given a response such as
"eggs" very rapidly.and with little report of imagery, or feeling
of reliving., We suspect éha: f&rther questioning would show that
this subjeét had eggs for breakfast every da; and was using
information from semantic memory to answer the question,

Copy Images vs. Reconstructed Images

We find the logical and empirical arguments of Pylyshyn

(1?73; 1981) and others against pure copy theories of imagery to

be compelling., It nust be the case that at least part of the
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phenomenally experienced image is reconstructed from information

of a nonimaginal kind. .

We have recently carried out some experimental worg on this
topic. In an earlier study, Brewer and Treyeuns (1981) showed
that schema-driven inferences occurred in the recall of
information about a réom that subjects had been in briefly. The
ghbjeéts frequently recalled having seen books in the room, even
though there were noc books preseat. Brewer and Pani <1983a) have
replicated the Brewer and Treyens study, b?t included detailed
questione about mental imagery experiences after each recall
trial. We found that for preseat and inferred items of
equivaleﬁt memory strength the subjects reported roughly
equivalent amounts and quality of imagery. In other words, the
schema=driven inferenc2s were apparently incorporaced'into the
phepomenaliy experienced image Qf the room.

An important area for this lssue is the study of
autobiographical personal memories. As discussed earlier, these
memories are accompanied by a stromg belief that they are
veridical. Neisser (1982, pp. 43~48) has recently argued that
even the 1ntens; “£1ashbulb” form of personal memories resulting
from a‘highly emotional evenc\fe.g., "Where were you when you
heard that Kennedy pad been shot?”) are not veridical. He has
also shown that John Dean's recall of specific events at the

Watergate hearings was a complex reworking of information from a

number of different occasions (Neisser, 1981). Except for

&
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Neisser's stqdy of John Dgan. most of the_data here remain
anecdotal, and the standard techniques for studying |
autobiographical memory (e.g.,KRobinsén, 1976) do not allow one
to tesolve_this-issue. Brewerr(1983) has dgvelpped a technique .
which should allow a more careful examination of the veridicality = ;§
| of personal memory. He has subjects carry a random alarm device a :
and has them record what is occurring when the alarm goes off. "
By comparing personal mémor;es_occurring at the time of test with
the originai record of the event this technique makes possible
¢ the gathering of s&stematic data ;n the issue of vefidicaiity of
personal memory.
CONCLUSIONS
In this article we have tried to take a fresh.approach to
the proslem of human memory. We first attempted to provide a
description of the common forms oé memory., We adopted this
strategy because we.think'that research in memory hds frequently
cut short the process of description and moved tpo soon to the
" job of detailed analysis and model building.
We have argued, on theoretical érounds, that the data from
phenomenal experience should be given equal status with the other
forms of data typically gathered in experiments on human ﬁemory. N
In carrying out our analysis we’have attempted to provide an
example of hcw this data can be used in theory comnstruction

In working out our analysis of the structure of memory we

felt a constant tension between a view of memory as the reliving

s

191
~

e o
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b
-

of earlier perceptions and a view of memory as a schema~based

recénstrgctive process. We hope the analysis succeeds in
£ : :

providing a synthesis of these two positions. \
Compared to other recent theories of memory our position *
. looks somewhat compiex. It seems to us .that the complexity in
our analy;is is simply a reflection of ;helcomplexi:y of the
problem. We think that many of the classic theories of human
| nmemory have achieved simplicity by ignoring the actual complexity
of the phenomena and by atteppting to‘give a'gimple image
account, or a simple'interference accOunt;.or'; simple
propositional account.l
At thé end of many.sec:iqns of this chapter we found
ourselves saying that more empirical and theoretical work was
needed. We hope :haﬁ this was not me;ely ritualistic. language on
our part and that, in fact, thé-framework provided in this paper

does lead one to see new problems and new issues in the study of

memory.

o8

Y
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.Table 1
Botany of Memory: Examples

Personal Memory

"When was the last time you spent cash for something?”

"Who was the last person you.saw before reading this chapter?"

“Did you see anyone on the ground floor of your office building when you
came to work today?" : ) -

Generic Memory
Semantic Memory ,

“What .part of speech is used to modify a noun?”
“What is the.opposite of falsehood?" ~
“Which is faster, the speed of sound or the, ,speed of 1light?"

Perceptual Memory ,

"In which hand does the Statue of Liberty hold the torch?”
“How many windows are there in your house?"”
“"What shape are a German shepherd's ears?”

Skill
Motor Skill

Typing a sequence of random letters from copy
Riding a bicycle -
Signing your name

Cognitive Skill.

Speaking a sentence with a verb in the past tense
Adding a column of two-digit numbers
Using a text editor

Rote Linguistic Skill
Giving your phéhé number

Multiplying 2 x 2
Recalling a list of nonsense syllables
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TYPES OF INPUT

‘Table 2. A Structural Account of Human Memory
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j:Acquisition Conditions VISUAL-SPATIAL VISUAL-TEMPORAL AUDfTORY-NONLINGUISTIC
. . MEANINGFUL MEANINGLESS MEANINGFUL MEANINGLESS MEANINGFUL MEANINGLESS
. (bbjects. Places) (Events,Actions) , (Common Sounds) ' ;
Imaginal Particularized' Particularized|| Particularized | Particularized Particularized fParticulariéeQé
S : | {Visual Images Visual Images Sequence of Sequence of Auditory Images Auditory.Imaggﬁ
. Single Visual Images Visual Images : ' &
Instance Instantiated Partially Instantiated Partially Instantiated Partially
Nonimag;nal {Schemas Instantiated Schemas Instantiated Schemas ~. . Instantiated
Schemas Schemas Schemas
Reduced Particularized|{ Reduced, Particularized Re&uced Particularizedt
. Imaginal Particularized | Visual Images Particularized | Sequence of Particularized Auditory “
Repeated Visual Images Sequence of .| Visual Images Auditory Images
Without ) Visual Images ’ Images
Variation Instantiated Partially Instantiated Partially Instantiated Partially
. . | Schemas and Instantiated Schemas and Instantiated Schemas and Instantiated
Nonimagina;f évelopment of | Schemas and Development of_ Schemas "and Development of Development of :
igid Schemas Development of {| Rigid Schemas Development of | | Rigid Schemas Rigid Schemés}jf
:ngid Schemas (Scripts) Rig;d Schemas -
Repeated Imaginal ,beneric Visual | Generic Visual Generic Audi- Generic Audi-l
With Images Images ? ? tory Images tory Images
Variation Instantiated Schema Instantiated Instantiated Schema
Nonimaginal. Schemas and Development Schemas and ? Schemas and Development
| Bchema Schema Devel- Schema
Pevelopment opment (Plans) Development
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" 'rable 2 continued

Acquisition Conditions

I

TYPES OF INPUT .

Y

PLAN )

Schemas

EMOTIONAL LINGUISTIC COGNITIVE MOZOR
, SITUATIONS MEANINGFUL ~ MEANINGLESS OPERATIONS PERFORMANCE PRODUCTION
R (Expository Dis- Surface Struc-
* course) ture)
Imaginal Emotion None Auditory or ) ' '
Single ? ? 2
Images . Visual Images e
Instance . i ' ' .
Emotion Facts Incomplete Sur-< | Incomplete Incomplete Plan Produc-
Schemas? Propositioﬁs face Structure || Cognitive Motor tions
Nonimaginal Prqduction Productions Production (Awareness of
Schemas Schemas Schemas intentions, go:
and subgoals)
Repeated Imaginal 2 None Little or Little or ‘ Little.Pr ,
o P No Imagery - - No Imagery No Imagery ’
. Without 9 Facts Surface Rigid Cogni- Rigid Motor Rigii Plans «
Variation Propositions Structure tive Produc- Production Productions
Nonimaginall Production tion Schemas Schemas (Avareness of
Schemas \ intentions
and goals)
; (Scripts)
N None Little or Little or
« Repeated Imaginal ? ?
, No Imagery No Imagery
With . Thoughts Generative Generative Plan Produc~
?
.Variation . ' Cognitive Motor tion
Nonimaginal
' Production Production (Awareness of
Schemas intentions

and poals)
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